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NATIONAL MviSOEY 'COMMITTEE FOR AERONAUTICS 


RESEARCH MES'lORANDUM. 


INVESTIGATION AT HIGH SUBSONIC SPEEDS OF 
THE EFFECTS OF VARIOUS HORIZONTAL FUSELAGE FOREBODY 
FINS ON THE DIRECTIONAL AND LONGITUDINAL STABILITY 
OF A COMPLETE MODEL HAVING 
A 45° SWEPTBACK WING 
By William C. Sleeman, Jr. 

SUMMARY 


An investigation has been conducted in the Langley high-speed 
7- by 10-foot tunnel cf the effects of various horizontal fuselage 
forebody fins on the directional and longitudinal stability character- 
istics at high subsonic speeds of a complete model having a 45° swept- 
back wing mounted in a high position on the fuselage. The model wing 
had an aspect ratio of 4, a taper ratiG of 0-30, and NACA 65 AOO 6 airfoil 
sections parallel tc the free stream. The Mach number range for most of 
the tests extended from 0.60 to 0.92 and the angle -of -attack range was 
from -2° to 24° at the lowest test Mach number. 

The basic model of this investigation became directionally unstable 
at high angles of attack and generally small or insignificant gains in 
directional stability were realized by addition of a pair of rectangular 
canard-type fins in several locations cn the sides of the fuselage nose. 
Long and narrow strakes on the sides of the fuselage nose were, however, 
found to be effective in increasing the directional stability of the 
model throughout the moderate and high angle-of -attack range. The favor- 
able effect of the largest strakes tested caused the tail-off configu- 
ration tc become directionally stable at moderately high angles of attack 
and ohere is evidence that this effect was predominant on the forward 
portion of the model rather than over the fuselage afterbody. Although 
the increment in tail contribution, to directional stability due to the 
large strakes was unfavorable, the beneficial effect of the wing-fuselage 
characteristics was sc large that the cGmplete-model stability was 
greater with the large strakes cr_ than without. The most effective 
strakes produced appreciable destabilizing pitching moments at moderate 
and high angles of attack; however, these unfavorable pitching moments 
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could be reduced by decreasing the strahe size- The smallest strahes 
gave pitching-moment results which were not appreciably different from 
the satisfactory basic-model variation and still provided some increases 
in directional stability. 


IKTRODUGT ION 


The problem of maintaining directional stability throughout a 
reasonably large angle -of -attack range has received much recent attention 
because many current airplane configurations have been found deficient 
in this respect. A number of wind-tunnel investigations have dealt with 
the effects of various design parameters on airplane directional sta- 
bility at high angles of attack (for example see refs. 1 to 5), and the 
importance of the vortex flow from the fuselage nose has been indicated 
with regard to the fuselage and vertical-tail contribution to stability. 

A means for improving the directional stability characteristics at high 
angles of attack through possible alteration of the flow from the fuse- 
lage nose was found in connection with a spin-recovery study of a swept- 
wing model reported in reference 4. These tests demonstrated that sig- 
nificant improvement in model flight behavior at high angles of attack 
could be gained by use of canard fins projecting from tl\e fuselage sides. 
Low-speed wind-tunnel force measurements on a conf iguration similar to 
that of reference 4 are given in reference 5- 

The present investigation was undertaken to determine whether 
improvements in directional stability at high angles of attack and at 
high subsonic speeds could be made by use of small canard fins. The 
present tests were conducted with the high-wing circular-fuselage model 
of references 1 and 2 which had a 4*}° sweptback wing of aspect ratio 4. 
Rectangular fins having an exposed aspect ratio of approximately 0.60 
were tested in various longitudinal positions on the sides of the fuse- 
lage nose ana effects cf fin incidence and dihedral were studied. In 
addition to the rectangular fins, several very long and narrow strakes 
were studied in one location cn the sides of the fuselage. The test Mach 
number range extended from 0.60 to 0.92 for most of the tests and the 
angle-of -attack range extended from -2° to 24° at the lowest test Mach 
number. 


SYMBOLS 


The lateral stability results of this investigation are referred to 
the body axis system shown in figure 1 and the longitudinal character- 
istics in pitch are referred to the stability axes. Moment coefficients 
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are given, about a moment reference point located on the fuselage center 
line at a longitudinal position corresponding to the quarter chord of 
the wing mean aerodynamic chord. 

C L lift coefficient, Lift/qS 

Cjj drag coefficient, Drag/qS 

Cm pitching -moment coefficient, 

aSc 

C i rolling -moment coefficient. Rolling moment 

qSb 

C n yawing-moment coefficient, Yawing^moment 

C v lateral-force coefficient, te£ e ra±J£rce 

" qS 

b wing span* ft 

c wing mean aerodynamic chord* ft 

M Mach number 

PV 2 t 

q dynamic pressure* ^- 75 —* Ib/sq ft 

S wing area* so ft 

V free-stream velocity* ft/sec 

i^ fin incidence* positive leading edge up* deg 

a angle of attack of fuselage center line* deg 

P angle of sideslip* deg 

P dihedral angle of fin* deg (see fig. 3 ) 

p air density* slugs/cu ft 
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Subscripts: 

(3 denotes partial derivative of a coefficient with respect to 

8C ? 

sideslip, for example, C^ = 

t denotes increment due to addition of tail surfaces 

Configuration designation: 

W wing 

F fuselage 

V vertical tail 

H horizontal tail 

fl,f 2 > . • . fg fin conf iguration (see fig. 3) 


MODEL DESCRIPTION 


The basic model configuration used in this investigation is shown 
in figure 2. The aspect -ratio -4 wing was swept back ^5° at the quarter 
chord, had a taper ratio of and had NACA 65 AOO 6 airfoil sections 

parallel tc the free-stream direction. The wing was constructed of 
2024S-T aluminum and was mounted 11.1-percent wing semispan above the 
fuselage center line. The vertical tail which was swept back 28° had 
NACA 63 ACO 9 airfoil sections streamwise and the 45° sweptback horizontal 
tail had NACA 65 AOC 6 airfoil sections parallel to the free-stream 
direction. 


The various fin arrangements investigated are shown in figure 3« 

The fins were constructed from l/32-inch- thick brass and were mounted 
rigidly to the fuselage, any spaces existing between the fin root and 
fuselage being filled with a sealer to prevent air flow through the gap. 
The exposed aspect ratio of the rectangular fin was 0.60. With the 
exception of fin f 0> ail the fins were tested in pairs mounted on the 

fuselage sides at a height corresponding to the fuselage center line. 
Fin f o was tested singularly and was mounted on top of the fuselage. 

Effects of fin dihedral were studied with fin f^ as shown in figure 3- 

A different approach was followed in attempting to achieve an 
effective fin configuration by testing the very slender horizontal 
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fuselage forebody strakes fg to fg. The size of fin fg was halved by 
decreasing the width to obtain fin f^. The rear half of fin fj was 
removed to obtain fin fg. 

TESTS AND CORRECTIONS 


Tests 

The present investigation was conducted in the Langley high-speed 
7- by 10-foot tunnel over a Mach number range from 0.60 to O .85 for all 
configurations and was extended to a Mach number of 0.92 for some con- 
figurations. The average test Reynolds number based on the wing mean 

aerodynamic chord was approximately 3 X 10^ for these test conditions. 

The model was mounted on a six- component internal strain-gage 
balance which was supported by a variable -angle sting. The lateral 
stability derivatives of this investigation were obtained from tests 
conducted through the angle-of-attack range with the model at fixed 
sideslip angles of ±4°. Longitudinal stability characteristics were 
investigated at 0° sideslip and some limited tests through the sideslip 
range were made at constant angles of attack. The maximum angle-of- 
attack range covered extended from approximately -2° to 24° and the side- 
slip angles varied from -4° to 12° for the variable sideslip tests. 


Corrections 

Jeu -boundary corrections to the angles of attack and drag coef- 
ficients determined from reference 6 were added to the data. Blockage 
corrections applied to the Mach number and dynamic pressure were deter- 
mined from reference 7- Drag coefficients have been corrected for a 
tunnel buoyancy effect and corrections have been applied such that the 
base pressure conditions correspond to free-streem static pressure. The 
model angles of attack and sideslip have been corrected for deflection 
of the balance and sting support under load. 


RESUITS AND DISCUSSION 


Presentation of Results 

Lateral stability derivatives of the model with the various fin 
conf igurations are presented in figures 4 to 6 and aerodynamic charac- 
teristics in sideslip for the model with fin fg are given in figure 7. 
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Aerodynamic characteristics in pitch for the basic model and for the 
model with the strakes installed are presented in figures 8 to 10. A 
summary of the most pertinent fin effects is presented in figures 11 
and 12. It should he pointed out that, in general, the results obtained 
at the lowest test Mach number indicated the trends obtained at the 
higher Mach numbers; consequently, in some cases, data are presented 
only for M = 0.6C where the maximum test angle -of -attack range was 
covered. 


Discussior. 

Lateral stability of basic model and with rectangular fins .- The 
lateral stability derivatives for the basic model presented in figure k 
show a large reduction in the directional stability C n p as the angle 

cf attack increased beyond approximately 10°. For angles of attack above 
about 18° at a Mach number of 0.60, an increasing directional instability 
was indicated with increasing angle of attack. This increase in insta- 
bility is due to some extent to the wing-fuselage behavior; however, 
most of it can probably be attributed to decreases in the vertical-tail 
contribution. (See figs. 12(a) and 12(c).) 

The various rectangular -fin configurations tested were studied in 
attempts either to eliminate the occurrence cf directional instability 
or to effect a significant delay in the angle of attack at which the 
instability occurred. The results presented in figure 4 indicate that 
the rectangular-fin arrangements tested had no appreciable favorable 
effect on the directional stability characteristics of the model. 

Lateral stability of model with forebcdy strakes . - Inasmuch as the 
fairly wide range of fin positions studied effected only minor directional 
stability gains with the fairly large rectangular fins, a slightly 
different approach was taken in testing the strakies extending along the 
entire fuselage nose. Directional stability characteristics of the model 
with the strakes are summarized in figure 11 for a Mach number of 0.60. 
Trese results show that substantial gains in the directional stability 
of the basic configuration were realised by addition of the large strakes 
^ fin fgj for angles cf attack greater than about 9°. The angle of attack 

at which the directional stability started to decrease was increased from 
approximately 9° for the basic model to about l4° for the model with 
fin fg ana the occurrence of directional instability was delayed from 

approximately l8° to an angle of attack of 22° by use of the large strakes. 

A fairly substantial reduction in directional stability benefits of 
fin fg was encountered in reducing the area of fin f g in half to form 

fin fy . When the rear half of fin fy was removed to form fin fg, the 
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directional stability characteristics of the model were essentially the 
same as those obtained with fin (fig. II ) . 

Longitudinal stability of model with the forebody strak.es .- The use 
of horizontal fins located ahead of the center of gravity would be 
expected to have an adverse effect on longitudinal stability and the 
extent of this effect for the present model is shown in the right-hand 
portion of figure 11. The pitching -moment variation with angle of attack 
for the basic model is considered tc be satisfactory whereas the pitching- 
moment characteristics of the model with fin fg show a highly undesirable 

pitch-up tendency over a wide range of angles of attack. The smaller 
strakes , fins fj and fg, were tested in order to determine the extent to 

which the adverse effects of fin fg on longitudinal stability could be 
minimised and still retain an effective arrangement from the standpoint 
of directional stability characteristics. The results presented in 
figure 11 show that appreciable reductions in adverse longitudinal charac- 
teristics accompanied reductions in the size of fin fg and the pitching- 

moment characteristics with the smallest fin fg were not markedly infe- 
rior to the basic model. Of course, as mentioned previously, the smallest 
strakes, which gave minimum pitching -moment changes were much less effec- 
tive in increasing directional stability at high angles than the largest 
strakes . 

Characteristics in sideslip with the large forebody strakes .- Addi- 
tional test results were obtained with fin fg to determine the directional 
suability characteristics for sideslip angles up to approximately 12° and 
these results are presented in figure 7- These data show no appreciable 
nonlinearities in yawing moments for the conditions tested and therefore 
the directional stability parameters obtained from tests at ±k° sideslip 
would be expected to indicate fin effects to at least an angle of side- 
slip of 10° and an angle of attack of 1 6 °. Data for the basic model 
conf iguration in sideslip were obtained from reference 2 inasmuch as 
sideslip tests of the fin-removed configuration were not made in the 
present investigation. Yawing -moment data at M = 0.80 obtained from 
reference 2 and transferred tc the body-axis system are presented in 
figure 12(b) to shew the effect of fin fg through the sideslip range. 

This comparison shews that the large strakes were effective in providing 
a stabilizing yawing-moment contribution throughout the test sideslip- 
angle range at approximately an angle of attack of l6° . 

Effect of large forebody strakes with and without tail surfaces . - 
Additional information relating to the effectiveness of fin fg is given 
in figure 12(a) which shows the fin effectiveness with and without the 
tail surfaces. Tail-cff results without the fin were obtained from 
reference 2 and transferred to the body-axis system of the present data. 
Directicnal stability characteristics show a large favorable effect of 
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the strakes at high angles of attack for the wing fuselage whereas the 
bail contribution (fig. 12(c)) at high angles was less with the strakes 
on than for the basic model. Even though the increment in tail contri- 
bution due to the strakes was unfavorable, the beneficial effect on the 
wing-fuselage characteristics was so large that the complete -model sta- 
bility was greater with the strakes on than without the strakes. Seme 
insight into the favorable effect of the strakes cn the wing-fuselage 
characteristics may be gained from a comparison of lateral- force deriva- 
tives with and without fin f£ presented in figure 12(a). For angles of 
attack above Il u the strakes contributed a positive increment of Cy^ 

with increases in angle of attack (fig. 12(a)) and at the highest test 
angles of attack ( M = 0.50, fig. 5) positive values of Cv Q were indi- 

A p 

cated for the wing -fuselage conf iguration with fin Directional 

stability characteristics presented ir_ figure 12(a) also show a large 
positive increment of C ns due to the strakes and at high angles of 

attack the tail-off configuration became directionally stable. This 
occurrence of positive increments in both Cy^ and C n ^ due to the 

strakes for the tail-off configuration indicates that the effective 
center of pressure of the incremental load due tc the strakes was ahead of 
the reference center of moments. It appears furthermore that stabilizing 
(positive C n gj flew -angularity effects on the fuselage afterbody would 

not be expected to occur for the tail-off configuration in conjunction 
with positive incremental values of Cyp- On the other hand, the desta- 
bilizing effect of the strakes cn the tail contribution at high angles 
(fig. 12(a)) is consistent with positive increments in Cy^ due to the 


strakes with the tail on. It therefore appears that the favorable con- 
tribution of the strakes to directional stability of the model were 
associated with effects cn the forebody cf the wing-fuselage configura- 
tion. The extent to which this effect occurs cn the fuselage nose and 
on the wing is not known; however, rather large effects of the strakes 
t;n the effective dihedral parameter did occur (see figs. and 5)« 

Inasmuch as the strake moment arm in roll was very small, the large 
magnitude of the positive increments of C - L p due to the strakes at high 

angles of attack suggest that the strakes had a significant indirect 
effect on the wing contribution to rolling moments. 


CONCLUSIONS 


The results cf an investigation conducted in the Langley high-speed 
7- oy 10-foot tunnel to study the effects of various fuselage forebody 
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fins on the directional and longitudinal stability at high angles of 
attack of a high wing model indicated the following conclusions: 

1. The directional instability for the basic model which occurred 
at moderately high angles of attack was not appreciably alleviated by 
use of a pair of rectangular fins located at various positions on the 
fuselage nose. 

2. Long and narrow horizontal strokes on the sides of the fuselage 
nose were found to be effective in increasing the directional stability 
of the model throughout the moderate and high angle-of -attack range. 

This favorable effect for the largest strakes tested caused the tail-off 
configuration to become directionally stable at moderately high angles 
of attack and there is evidence that this effect was predominant on the 
forward sections of the model rather than over the fuselage afterbody. 

3- Although the increment in tail contribution to directional sta- 
bility due to the large strakes was unfavorable, the beneficial effect 
of the wing-fuselage characteristics was so large that the complete-model 
stability was greater with the large strakes on than without. The angle- 
of-attack range over which the basic model was directionally stable was 
extended by addition of the strakes; however, directional instability 
occurred at the highest test angles both with and without the strakes. 

4. The most effective strakes produced appreciable destabilizing 
pitching moments at moderate and high angles of attack; however, these 
unfavorable pitching moments could be reduced by decreasing the strake 
size. Installation of the smallest strakes gave p itching-moment results 
which were not appreciably different from the satisfactory basic-model 
characteristics and still provided some increases in directional stability. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., October 10, 1956. 
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Figure 1.- Eody reference axes showing positive directions of forces, 

moments, and angular deflections. 











Figure 3.- Sketch of the various fin arrangements tested and showing the locations tested on the 

model. Linear dimensions are in inches. 
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Figure it-.- Lateral stability derivatives of the basic model and the model with various rectangular 

fin configurations. 
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Figure 6.- Lateral stability derivatives of the complete model with the strakes* fin f y and f. 
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Figure 7*“ Aerodynamic characteristics in sideslip of the complete model with the large strakes, 

fin f 6 . 
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Figure 8,- Aerodynamic characteristics in pitch of the basic -model configuration 
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Figure 9«- Aerodynamic characteristics in pitch of the model with the large strakes, fin fg 
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Figure 10.- Aerodynamic characteristics in pitch of the model with the strakes, fin f Y and f 
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Figure 11.- Effects of the strakes on directional stability and pitching moments at M - 0.60 
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(b) Effect on yaving -moment 
characteristics in sideslip. 



(a) Effect on G n ^ and C : 
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(c) Effect on tail contribution to 
directional stability. 


Summary of the effects of the large st rakes } fin fg ; on the directional stability 
characteristics of the model. M = 0.80. 
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